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The Cdc14 phosphatase was identified by its
requirement for mitotic exit in budding yeast. Cdc14
homologs exist throughout the eukaryotic kingdom,
but it was unclear whether their function would also
be conserved. Recent analyses in fission yeast,
humans and now C. elegans suggest numerous
other functions for this family of proteins.
While activation of cyclin dependent kinases (Cdks)
drives cells into mitosis, mitotic exit depends on inhi-
bition of Cdk activity, mainly through degradation of
mitotic cyclins and accumulation of Cdk inhibitors
[1,2]. The assumption is that phosphatases must
reverse the activating phosphorylation of Cdk by
dephosphorylation. In the budding yeast Saccha-
romyces cerevisiae, Cdc14 phosphatase is a good
candidate for being the enzyme that performs this
function: in this yeast, Cdc14 is essential for antago-
nizing Cdk activity in late mitosis, allowing cells to exit
mitosis [3,4]. The Cdc14 homolog Clp1/Flp1 in the
fission yeast Schizosaccharomyces pombe also
seems to function to antagonize Cdk activity, albeit in
a different manner and for different purposes [5,6].
That this antagonism reflects direct dephosphoryla-
tion is supported by the observation that  both yeast
and human Cdc14 specifically dephosphorylate Cdk
substrates in vitro [7–11]. 
Despite their biochemical similarities, the functions
of Cdc14-like proteins seem to vary dramatically
between species. In S. cerevisiae, Cdc14 is absolutely
required for mitotic exit and plays a non-essential func-
tion in cytokinesis [12–15]. In contrast, in S. pombe,
Clp1/Flp1 is not required for mitotic exit, rather it func-
tions mainly in regulating cytokinesis and affects the
timing of entry into mitosis [5,6]. Given the significant
differences in Cdc14 function between the two yeast
species, it has been of considerable interest whether
Cdc14 homologs in animal cells function in mitotic exit,
in cytokinesis or have other functions. Studies of the
consequences of loss of Cdc14 function in human cells
have not definitively ascribed roles to the two human
Cdc14-like proteins hCdc14A and hCdc14B [10,16],
though depletion of hCdc14A by RNA interference
(RNAi) was reported to cause a variety of mitotic
defects, including cytokinesis failure [16].
A new study by Gruneberg et al. [17] has now shown
that, in embryos of the nematode Caenorhabditis
elegans, CeCdc14 is required for cytokinesis and not
mitotic exit. Embryos depleted for CeCdc14 by RNAi
do not undergo cytokinesis, resulting in one multinu-
cleate cell; mitotic exit and progression through the
nuclear cycle do not, however, appear to be perturbed.
Gruneberg et al. [17] found that CeCdc14 localizes to
the spindle midzone, a structure known to be essential
for cytokinesis [18], and that depletion of Cdc14 results
in a defective spindle midzone.
These findings nicely place CeCdc14 in a known
framework of genes involved in cytokinesis. The
spindle midzone is a microtubular array, arising from
the former mitotic spindle microtubules, which remains
in the cell middle after chromosome segregation. Two
complexes, which localize to the spindle midzone, are
crucial for the formation of the array. One complex is
called centralspindilin and is composed of a conserved
kinesin — known variously as ZEN-4 in C. elegans,
CHO1/MKLP1 in mammals, Pavarotti in the fruitfly
Drosophila — and the Rho family GTPase known as
Cyk-4 in C. elegans. The other complex, termed ABI,
consists of the so-called ‘chromosomal passenger
proteins’ aurora kinase B (AIR-2 in C. elegans), INCENP
and survivin. In C. elegans, aurora kinase B is essential
for the maintenance of the ZEN-4–Cyk-4 complex at
the spindle midzone and thus for cytokinesis [19].
Interestingly, CeCdc14 localization depends on the
kinesin ZEN-4 and vice versa. In contrast, AIR-2 is able
to localize to the residual spindle midzone in CeCdc14-
depleted embryos [17]. This is consistent with previous
studies placing AIR-2 upstream of ZEN-4 [19]. Work in
other systems suggests that Cdc14 may dephospho-
rylate Cdk substrates and it seems likely that CeCdc14
may catalyse this reaction at the spindle midzone.
Consistent with such a role is a study [20] showing that
loss of mitotic cyclin B, and thus Cdk activity, in
anaphase is essential for spindle midzone formation. It
is interesting to note that S. pombe Clp1/Flp1 also
localizes to the spindle midzone in late anaphase, sug-
gesting this may be a conserved function (see below
and Figure 1).
A key mechanism by which Cdc14 is regulated in
both budding and fission yeast involves shuttling of the
protein between the nucleolus and the cytoplasm. In
interphase, Cdc14 homologs are found in the nucleo-
lus, where they are thought to be sequestered and
inactive. The proteins are then released from the nucle-
olus in mitosis: fission yeast Clp1/Flp1 in prophase,
and budding yeast Cdc14 in anaphase. When released,
the proteins are free to carry out their functions and
localize to the spindle pole bodies; the fission yeast
protein additionally localizes to the actomyosin ring
and the central spindle. 
As in yeast, human hCdc14B localizes to the nucle-
olus in interphase, while hCdc14A localizes to the 
centrosome. Both proteins are distributed in the cyto-
plasm during mitosis. Interestingly, both hCdc14A and
hCdc14B have a nuclear export signal (NES), which is
absent in the yeast orthologs [16]. Deletion of the NES
in hCdc14A causes the protein to accumulate in the
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nucleolus, suggesting that nucleolar localization, albeit
transient, may play a role in its function [10,16].
Somewhat surprisingly, given the work in yeast and
humans, CeCdc14 was not observed in the nucleolus
or on the centrosome. This may be because CeCdc14
carries the same nuclear export signal, discovered in
hCdc14A, which may cause it to localize only tran-
siently to the nucleolus, like hCdc14A. Alternatively,
the protein may not be sequestered in the nucleolus in
the early embryo, where the cell cycles largely lack G1
and G2 phases.
This leaves us with the question: what is the
conserved function of Cdc14? At first glance, all
homologs seem to function quite differently and in dif-
ferent cell-cycle stages. This might be explained by
the different challenges confronting each organism, 
in addition to differences between developmental
stages. A common process that is affected by Cdc14
in all investigated organisms is cytokinesis. S. pombe
Clp1/Flp1 and C. elegans CeCdc14 both clearly func-
tion in cytokinesis; the experiments on the human
Cdc14 counterparts indicate a possible role for
hCdc14A in cytokinesis, and recent studies in S. cere-
visiae show that Cdc14 seems to function in cytokine-
sis as well as in mitotic exit [12–15]. The absolute
requirement for Cdc14 in mitotic exit in budding yeast
may reflect the peculiar challenge budding yeast face
to ensure that the spindle has extended through the
narrow bud neck before exiting mitosis [3]. Thus,
regulating cytokinesis may be the one conserved
function of Cdc14 phosphatases.
It remains possible that Cdc14 phosphatases may
function in each species to inhibit Cdk activity yet to
regulate different cell-cycle transitions, as Cdk activity
is important for many cell cycle processes. The studies
with budding and fission yeast, as well as  those with
human cells, suggest that Cdc14-like proteins may
antagonize Cdk activity. Even in worms, where there is
no reported evidence for this, it remains a distinct pos-
sibility, as the C. elegans Cdc14 homolog has only
been investigated in early embryos where the G1/S
and G2/M transitions are regulated differently than in
somatic cells; its behavior and functions may be differ-
ent at later stages of development. For future studies it
will be important to analyze Cdc14 in more develop-
mental stages as well as through genetic analysis in
other eukaryotes, such as flies and mammals. Finding
proteins involved in the regulation of Cdc14 homologs
as well as the relevant substrates will surely bring more
light into the gray box around Cdc14.
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Figure 1. A comparison of Cdc14
orthologs.
Localization of Cdc14 orthologs during
interphase and late mitosis is shown
along with possible functions in each
organism. Nuclei (blue), microtubules (red)
and Cdc14 (green) are shown. In inter-
phase, the yeast and human ortholog
hCdc14B localize to the nucleolus; the
human ortholog hCdc14A and S. pombe
Clp1/Flp1 also localize to the centro-
some/spindle pole body (SPB). In mitosis,
Cdc14, Clp1/Flp1, and hCdc14B are
released from the nucleolus. In S. cere-
visiae, the released protein localizes
throughout the cell and to the SPB,
whereas in S. pombe, Clp1/Flp1 localizes
to the actomyosin contractile ring and the
central spindle as well as throughout the





















13. Luca, F.C., Mody, M., Kurischko, C., Roof, D.M., Giddings, T.H. and
Winey, M. (2001). Saccharomyces cerevisiae Mob1p is required for
cytokinesis and mitotic exit. Mol. Cell. Biol. 21, 6972–6983.
14. Yoshida, S. and Toh-e, A. (2001). Regulation of the localization of
Dbf2 and mob1 during cell division of Saccharomyces cerevisiae.
Genes Genet Syst 76, 141-147.
15. Frenz, L.M., Lee, S.E., Fesquet, D. and Johnston, L.H. (2000). The
budding yeast Dbf2 protein kinase localises to the centrosome and
moves to the bud neck in late mitosis. J. Cell Sci. 113, 3399–3408.
16. Mailand, N., Lukas, C., Kaiser, B.K., Jackson, P.K., Bartek, J. and
Lukas, J. (2002). Deregulated human Cdc14A phosphatase disrupts
centrosome separation and chromosome segregation. Nat. Cell
Biol. 4, 318–322.
17. Gruneberg, U., Glotzer, M., Gartner, A., and Nigg, E.A. (2002). The
CeCDC-14 phosphatase is required for cytokinesis in the C. elegans
embryo. J. Cell. Biol. 158, 901-914.
18. Glotzer, M. (2001). Animal cell cytokinesis. Annu. Rev. Cell Dev. Biol.
17, 351–386.
19. Severson, A.F., Hamill, D.R., Carter, J.C., Schumacher, J. and Bow-
erman, B. (2000). The aurora-related kinase AIR-2 recruits ZEN-
4/CeMKLP1 to the mitotic spindle at metaphase and is required for
cytokinesis. Curr. Biol. 10, 1162–1171.
20. Wheatley, S.P., Hinchcliffe, E.H., Glotzer, M., Hyman, A.A., Sluder,
G. and Wang, Y. (1997). Cdk1 inactivation regulates anaphase
spindle dynamics and cytokinesis in vivo. J. Cell Biol. 138, 385–393.
Current Biology
R735
